ABSTRACT
Nowadays, the use of SNP chips is becoming affordable at almost equal costs when compared with an average genome-wide scan of 400 microsatellite markers. The saving of time is huge, less technicians and fewer infrastructures are required to perform SNP hybridization. Recent studies have shown that the informativity obtained from SNP chip data is higher than those from microsatellite scans (Schaid et al., 2004) . In a situation where several noninformative microsatellites cover a linked region that was not yet realized as such by the user, analyses could further fail to detect linkage. SNP chip based reanalyses of genome-wide linkage studies that used microsatellite markers in affected sibpairs without parents have been proposed (Evans and Cardon, 2004) .
We extended the first version of easyLINKAGE (Lindner and Hoffmann, 2005) which could only analyze STRPs by the ability to analyze thousands of SNPs, such as those from the Affymetrix 10k chip (Fig. 1a) . We implemented additional modules for Allegro. (Gudbjartsson et al., 2000) , Merlin (Abecasis et al., 2002) , SimWalk * To whom correspondence should be addressed. (Weeks et al., 1995) , GeneHunter Imprinting/TwoLocus (Strauch et al., 2000) and SuperLink (Fishelson and Geiger, 2002) and integrated conditional multipoint analyses including the generation of the required weight files (Cox et al., 1999) .
We applied further extensions to the simulation part of easyLINKAGE-Plus. For FastSLink loops will be broken automatically before feeding the pedigrees into the analysis. Final plots will show ELOD plots and the pedigree structure. We integrated multipoint simulation studies by making use of Allegro's simulation capabilities. The user must provide a pedigree structure file first. The user sets various simulation options and generates an inheritance model for parametric/nonparametric analyses. easyLINKAGE will perform the simulation based on those entries including an automatic subsequent linkage analysis with graphical outputs.
Error check routines were also extended in the current version of our software. The program uses PedCheck (O'Connell and Weeks, 1998) for the identification of Mendelian errors and Merlin for identifying non-Mendelian errors (e.g. unlikely genotypes owing to double recombination events) or deviations from Hardy-Weinberg equilibrium prior running subsequent linkage programs. easyLINKAGE offers the option for disregarding all SNPs/STRPs with genotyping errors before starting the linkage run.
The integration of SNP chip analyses is a great challenge for current multipoint linkage programs. In general, larger pedigrees have to be broken in such a way that as little information as possible is given up. Here, pre-two-point analyses with SuperLink could generate significant LOD scores even with less informative SNPs. Another important issue is the marker number itself. In contrast to GeneHunter or SimWalk, Allegro is not limited here. Besides that fact, there are a couple of implications of using hundreds of markers on a chromosome. First, programs can run into problems at the intermarker spacings ≤0.001 cM. Results could be off as a result of numerical instability for marker spacings of small size. This problem only depends on the spacing, not on the number of markers themselves. Second, if using very small distances, it is likely that markers are no longer in linkage equilibrium which current linkage programs would assume. Programs will compute the probability of the haplotypes using linkage equilibrium, thus believing the haplotype to be much rare than it really is. LODs and the P -values will no longer be valid owing to violation of the assumptions.
(a) (b) Fig. 1. (a) Main screen of easyLINKAGE-Plus. The user can perform single/two-locus analyses. Furthermore, single chromosomes, sets of chromosomes, defined centimorgan intervals can be analyzed, or total genome-wide analyses can be applied. The analysis of microsatellite marker projects as well as SNP projects is supported. Moreover, several error check routines can be activated. Family/subject IDs can be recoded as well as allele numbers. When the user moves the mouse cursor over the main screen, additional help balloons will appear. (b) ALLEGRO multipoint parametric linkage analysis LOD plot in an autosomal recessive pedigree with two marriage loops using large-scale SNP data (here: 700 markers on chromosome 5). The analysis was automatically performed in sets of 70 markers through the entire chromosome. The beginning/end of a set is displayed by a vertical blue line along the x-axis of the plot. Note that some marker sets start/end right in the middle of a peak. In such cases, further analyses using different set sizes or analyses in a predefined centimorgan interval are recommended.
easyLINKAGE-Plus: automated SNP chip analyses
We tried to solve these limitations in several ways. If an intermarker distance happens to be ≤0.001, cM easyLINKAGE-Plus assumes automatically a fixed distance of 0.001 cM. Furthermore, chromosomes can be analyzed in defined sets of markers (Fig. 1b) . We recommend performing at least two analyses with different set sizes in order to overlap the end/start point of two sets from earlier analyses. In addition, predefined centimorgan intervals can be analyzed for finemapping. Optionally, easyLINKAGE-Plus can remove fully uninformative markers (markers that are always homozygous for one allele in all typed samples).
The use of correct allele frequencies is another issue of SNP analyses. We used Affymetrix data for building an easyLINKAGE database that contains the reference frequencies for Asians, African Americans and Caucasians. easyLINKAGE assumes equal allele distribution for SNPs without available reference frequencies. If a reference allele frequency is exactly 1.0000 in a given population (but <1 in reality), easyLINKAGE sets this frequency to 0.9999 and the other to 0.0001. The opposite applies for situations where the frequency is exactly 0.0000. easyLINKAGE-Plus generates structured text outputs and chromosomal/genome-wide plots of LOD scores, P -values and many other parameters. Plots display details of the used inheritance model, marker map, sex specific or sex-averaged marker positions, the number of known and unknown markers, in SNP projects even the number of uninformative SNPs, a table with the top five markers, the used pedigree file, date and time and elapsed time, working directory, allele frequency algorithm and other parameters. Plots can be generated as 'TOTAL' plots averaging all families or plus individual family plots.
Many users complained about limited pedigree drawing capabilities of linkage programs that are supported by easyLINKAGE. Only GeneHunter provides pedigree plots, however they are limited. Therefore, easyLINKAGE-Plus extends the GeneHunter plots by showing marker names and their genetic position. In addition, the program provides input files for the software HaploPainter (Thiele and Nurnberg, 2005) which draws pedigrees including a colored presentation of markers, position and haplotypes plus recombination events.
ALOHOMORA is the only available program that comes close in terms of versatility when compared with easyLINKAGE-Plus (Rüschendorf and Nürnberg, 2005) . However, easyLINKAGE-Plus is easier to handle since command line based inputs are not necessary. In addition to SNP data, our program analyzes microsatellite markers as well. A much wider range of linkage programs is covered by easyLINKAGE-Plus when compared with ALOHOMORA.
